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Abstract
The Nellore-Khammam Schist Belt (NKSB) lying to the east of the Proterozoic Cuddapah basin is believed to be
a prominent Archean granite-greenstone belt in the Oharwar Craton. In the northern part of the belt in the vicinity of
Khammam, Andhra Pradesh, it consists of high pressure amphibolites. Based on field relations and mineral assem-
blages, the rocks are classified into banded amphibolites, garnetiferous amphibolite, foliated amphibolite and massive
amphibolite. Except for the intrusive massive amphibolite, the other three rock types are affected by polyphase (0" O2
and 0 3) deformation. Folds of the first deformation 0, are intrafolial isoclinal to tight type with NW-SE fold axes and
axial planar cleavage S,. The 0, folds are later deformed by NE-SW trending open to close upright folds of the second
deformation stage O2. The third phase of deformation 0 3 is characterized by gentle folds, accompanied by minor shear
zones parallel to the NW-SE trending axial planes. The structures in the study area are correlated with those in the
adjacent and distant areas in the NKSB, and the possibility of some structures to have developed during the Proterozoic
is considered.
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Introduction
The Nellore-Khammam Schist Belt (NKSB), a narrow
curvilinear Archean granite greenstone belt, lies in the east-
ern fringe of the Dharwar Craton with approximately 600
Km long and 8 to 50 Km wide N-S trend direction extending
from the Nellore to Khammam (Fig. 1). The NKSB is con-
sidered to be equivalent to the Sargur schist belt (3.3 Ga,
Peucat et aL, 1995), which is the oldest known supracrustal
belt in India. The strike of the NKSB varies from NW-SE in
the southwest, through NNW-SSE in the central part, to NNE-
SSW in the northeast. The rocks of the NKSB are divisible
into lower sequence of predominantly metasedimentary rocks
in the northeast and upper part consisting mainly of
metabasalts in the southwest (e. g. Narayana Rao, 1983).
Metamorphic grade varies from greenschist facies and upper
amphibolite to lower granulite facies from southwest to north-
east (Vasudevan and Rao, 1975; Babu, 1998). The amphibo-
lites of the NKSB have geochemical characteristics of a back-
arc or marginal basin paleotectonic setting (Satyanarayana et
aL, 1994). Reddy et aL, (1994) reported that the suture zone
melange metamorphosed under greenschist facies is found in
the southern part of the NKSB.
The present study area is within the northeastern fringe
of the NKSB and is locally known as the Khammam-green-
stone belt consisting dominently of mafic rocks (Fig. 2). There
are many anorthosite suites in the study area (Ramaswamy,
I962; Appavadanulu etal., 1976). Appavadanulu et aL, (1976)
have cited that the Chimalpahad anorthosite complex forms
the axial zone of a large scale anticline and all the other mi-
nor bodies are concentrated along the shear zones parallel or
subparallel to the fold axis (Fig. 2). Most of the studies have
been focused on the chemistry and petrology in the NKSB
(e. g., Satyanarayana et aL, 1994; Rao and Rao, 1986), whereas
structural study is lacking. Chetty (1986) has reported out
some shear deformational features and suggested a tectonic
model for the metamorphic rocks of the Nellore district.
Recently Divi et aL, (1995) suggested that the area east of
Khammam has been affected by the Proterozoic Eastern Ghat
orogeny, although the detailed structural analysis has not been
enough for understanding the tectonic evolution of the NKSB.
Therefore, detailed structural analysis for the Nellore-
Khammam Schist Belt is necessary to clarify the Archean
tectonics in this part of the Dharwar Craton.
Geological setting
The present study area being formed by latitudes IT 17'
and IT24' and longitudes 800 25' and 800 29' (in the Khammam
district). Mafic and felsic rocks are well exposed in the study
area. Although small granitic bodies can be recognized, the
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dominant lithology is amphibolite and can be divided based
on their field appearence into garnetiferous, banded, foliated
and massive types as described below. Mineral assemblages
in the types are also different (Hari Prasad et aI., 1998). Gar-
netiferous amphibolite is mainly composed of garnet, am-
phibole, plagioclase, and clinopyroxene. It is well exposed
in the hills of Kanigiri reserve forest and at the area near
Himamnagar. Garnet porphyroblasts aggregates of grains (3-
15 cm in diameter) is dominant with many amount of inclu-
sions of clinopyroxene, hornblende and quartz. Garnet
phorphyroblasts are rimmed by quartz and Plagioclase grains
(Fig. 3A). Hornblende grains are typical dark green in color.
Banded amphibolites are also prevalent rock types and show
various shear deformational features in the study area. The
rocks are medium- to coarse- grained and composed mainly
of amphibole, plagioclase, garnet and quartz. Compositional
banding is identified by the alternation of amphibole-rich
melanocratic and plagioclase-rich leucocratic bands. Foli-
ated amphibolite is composed of fine-grained amphibole, pla-
gioclase, clinopyroxene and sphene. Foliation is formed by
the alignment of amphibole. Many asymmetrical crenula-
tion folds and open folds are seen in this lithology (Fig. 3B).
Massive amphibolite truncates the first three types of am-
phibolites, and it is the youngest intrussive in the study area.
Deformation structures
Based on field observations, three phases of
deformational structures have been identified and are termed
as 0 1, O2 and 0 3 from the earliest to the latest. The character-
istics of these structures are summerized in Table. I. The
mineral assemblages in the absence of epidote and chlorite
Table I: Structural characteristics of 0" O2 and D) phases of
deformation.
Deformational Phase Structural Characteri sti cs
0, Tight to isoclinal intrafolial mesoscopic folds
(F,) in compositional banding (So); axial sur-
face foliation (S ,) is parallel to regional fo-
liation; variable axial trends along NW-SE;
intersection (SolS,) lineation plunges moder-
ately to sw.
O2 Macroscopic and mesoscopic open to tight
folds (F2) in SolS, foliation; axial planes are
upright and steep; axes plunge moderately
to sw.
0 3 Gentle to open mesoscopic folds (F3) in Sol
S, foliation, with subhorizontal axial sur-
faces; some shearing event.
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Fig. I. The Nellore-Khammam Schist Belt and adjacent areas
(refered after Geological Survey of India, 1973 and
Yoshida et aI., 1998 after modifications); frame refers to
figure.2. I: Cenozoic cover, 2: Gondwana sediments, 3:
Proterozoic cover, 4: Granulites, 5: Khondalites, 6:
Nellore-Khammam Schist Belt, 7: Archean granite-green-
stone terrain.
Inset showing the geology of southern India. a: Archean
granite-greenstone, b: Proterozoic granulites, c: Prot-
erozoic sediments, d: Deccan flood basalts, DC: Oharwar
Craton, EG: Eastern Ghats Mobile Belt, SI: South In-
dian Granulite Belt. Map of India is modified after Geo-
logical Survey of India, 1993, Tani et aI., (1998), and
Yamamoto (1996).
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Fig. 2. Geology around Khammam town (NKSB) modified after Sarvothaman, (1994).
1). Garnetiferous Gneiss and Granite. 2). Granodiorite-Adamallite-Granite Suite. 3). Khammam Greenstone
Belt. 4). Gondwana sediments of Godavari Graben. 5). Pakhal Group. 6). Chimalpahad Anorthosite-Gabbro
(layered) complex. 7). Canal/reservoir. 8) Fault. 9). Trend of major foliations.
described earlier in the text suggests deformation occured
under amphibolite facies metamorphic conditions. This is in
concordence with estimated P-T conditions of 700 ± 50°C at
1.1 Gpa (Hari Prasad et aI., 1998).
Structures of the first deformation (D l )
The major foliation is formed by the prefered orienta-
tion of amphiboles and plagioclase grains. This planar struc-
ture is deformed by the later deformational events, and there-
fore, it is considered to be the earliest structural element in
the area and termed as SI. Intrafolial isoclinal to tight folds
(F t) are often observed within the major compositional band-
ing (Fig. 4A). The axial surfaces of these intrafolial folds are
parallel to this dominant foliation, and hence the major folia-
tion and the intrafolial folds are cosidered as cogenetic. The
intrafolial folds are mostly of wotles type. Although the rocks
in the area have undergone intense deformation, the relation-
ship between the SI foliation and So compositional banding
can also be observed (Fig. 4 B). The intersection lineations
between compositional banding (So) and the axial planar fo-
liation (SI) is conspicious where the F l folds are compara-
tively round hinged. The equal area lower hemisphere ste-
reographic projections, of axes of the intrafolial isoclinal to
tight folds are given in the FigS The distribution pattern of
the intrafolial fold axes displays NW-SE trend with variable
plunges from shallow to steep, which is possibly due to per-
turbation of later deformation.
Structures of second deformation (D2)
The structures of the second phase deformation are char-
acterized by macroscopic and mesoscopic folds. Orientation
of strike and dip of the So and Sl clearly displays a distinct
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Fig. 3. (A) Garnet phorphyroblast rimmed
by quartz and plagioclase in gar-
netiferous amphibolite
Fig. 3. (B) Sketch of the photograph (A)
Fig. 3. (C) Folds in foliated amphibolite.
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Fig. 4 Field photographs showing the D 1 deformational structures. (A) Intrafolial tight fold in the banded amphibolite rock. (B) Asym-
metric intrafolial (F1) fold with axial plane schistosity in banded amphibolite rock at location near Garlavoddu. (C) and (D) Open
(F2) folds with upright axial planes in amphibolites in the central part of the study area and near Aqueduct at Nasarapu vagu. (E)
Isoclinal F 1 fold refolded by gentle F2 folds; axial planes of the two phases are nearly orthogonal to each other. (F) Refolded F2 fold
by F3 in banded amphibolite at Yenkur.
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Fig.6 Structural outline of the study area from Kharnmam Green-
stone belt (NKSB).
Structures of the third deformation (D3)
Subsequent to the first and second deformations, the
amphibolites have witnessed a deformation resulting in gentle
to open type of folds with subhorizontal axial planes. Many
local shear zones trending NW and SE directions are traced
out in the area. Alternating layers of recrystalised feldspar
Fig. 7 Quartz C-axis data of a mylonite from the study area.
swing from NW to NE direction resulting in the formation of
a large scale reclined fold (Fz) (Fig. 6). Therefore this large-
scale fold is formed after Dl, and is interpreted as F2 fold.
The second generation folds show very gentle plunges with
vertical axial planes (Fig. 4 C, D). Some aggragates of gar-
net grains are folded in the hinge portions of the NE-SW trend-
ing mesoscopic F2 folds. The F] isoclinal folds are refolded
into very gentle to open folds of Dz in the amphibolites at
e\-\...=7'4'-ff-1-f---f"'"'''--'''-.,----i----=----t-+l79 L some localitions, (Fig. 4 E, F). The axial planes of the re-
folded folds and F] isoclinal folds are at an right angle ap-
proximately (Fig. 4 E, F). The fold axes of the F2 folds are
clustered around the B-maximum of the S] (Fig. 5).
Fig. 5 Schimdt equal area net projections of the structural ele-
ments in the study area.
z
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grains and quartz ribbons are ranging from less than lmm to
3mm thick. These ribbons constitute about 30 to 35 percent
within a single thin section. Extensional cracks, filled by
quartz, in earlier formed megacrysts are related to this event.
Other mylonitic asymmetric features, like rotated
phorphyroclasts and pressure shadows have been observed
in many sections. The feldspar phorphyroclasts present in
between the quartz ribbons are showing highly deformation
lamellae. Quartz c-axis fabrics were measured for ribbbons
and are distributed around maximum finite strain axis (X),
which is parallel to stretching lineations (Fig.7). Such X-
point maximum fabric pattern is an indicative of high tem-
perature (> ca.550-600'C) and plastic deformation (e. g.
Okudai ra et aI., 1995).
Superimposed structures
The study area displays polyphase deformational fold-
ing resulting in the development of superimposed structures.
The F, folds axes show variation in trend and plunge due to
F2 folding, superimposition of F2 on FI resulted in type-2
interference pattern (Ramsay, 1967). Hinge - thickening and
limb - thining has been observed in the Fl folds, the thinned
limb portions are folded by F2 folds. A type-2 interference
pattern suggests superimposition of nearly upright F2 fold on
appressed Fl.
Discussion and conclussions
The three phases of deformation (OJ, O2, 0 3) identified
in the study area need to be correlated with those in the adja-
cent areas and with the regional structures in the Nellore-
Khammam Schist Belt in general, for defining structural evo-
lution of the area. Radhakrishnamurthy et al. (1990) have
identified three phases of folding, FJ, F2and F3, with axial
trends along NNE-SSW, NW-SE and NNE-SSW directions,
respectively, in an area adjacent to and lying to the southwest
of the study area. The 0, and O2 phases in the study area are
correlatable with the F2 and F3 phases, respectively, of
Radhakrishnamurthy et aI., (1990), based on fold styles and
orientations. Similarly, the 0, and O2 phases in the study
area can be broadly correlated with OA2 and OM structures,
respectively, in the Archean rocks of Kinnerasani area lying
at 40 ki lometers northeast of the study area (R~neeshKumar
et aI., personal communication).
Further work is needed to check whether F, of
Radhakrishnamurthy etal.(1990) and OAI and OA3 of Rajneesh
Kumar et al. (personal communication) are present in the
study area or not.
Correlation of 0 1, O2and 0 3 with regional structures ob-
served elsewhere is problematic. For example, Srinivasan et
al. (1994) have identified five generations of folding (F" F2,
F3, F4 and Fs) in Sitarampuram-Kandukur area in the south-
ern part of the NKSB. Although the 0, in the study area is
correlatable with the coaxial F,/F2 folds, the O2and 0 3 phases
pose problems, as they have different orientations from those
of F3, F4 and Fs. In an area nearby to Sitarampuram-Kandukur,
Chetty and Kanungo (1986) have also identified early struc-
tures (0,) that are correlatable with the similarly oriented OJ
in the study area.
However, deciphering the age of 0 1, O2and 0 3 phases of
deformation in the study area is a bigger problem, as geo-
chronologic data for the rocks in the study area is not avail-
able and due to continuing debate as to whether the NKSB
belongs to Oharwar craton or to EGMB. For example,
Radhakrishnamurthy et al. (1990) considered the structures
in the NKSB to have been developed during the Eastern Ghats
Orogeny, i.e. during late Proterozoic (Grew and Manton, 1986;
Aftalion et aI., 1988; Paul etal., 1990; Shaw et aI., 1997).
Similarly, Rao and Raju (l997) reported that the Chimalpahad
layered complex and amphibolite adjacent to the study area,
yielded Rb/Sr whole-rock isochron age of 950 Ma. The lay-
ered complex has been considered to have been emplaced
during the same tectonic event as the amphibolites, because
magmatic structures in the complex are parallel to the tec-
tonic fabric in the amphibolite. On the other hand,
Sarvothaman (1996) suggested that the amphibolites
(metagabbros ?) of NKSB have been structurally emplaced
around 2.5-2.6 Ga. The two gechronologic data, i.e. 2.5 Ga
and 950 Ma for the amphibolites could be reconciled by con-
sidering two tectonothermal events affected the amphibolites
in the study area. This interpretation for the study area is
compatible with the gechronologic evidence of multiple
tectonothermal events that have affected the EGMB in par-
ticular, and the older rocks adjacent to EGMB. Metamorphic
and geochronologic work is in progress to evaluate such in-
terpretation for the evolution of rocks in the study area.
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